acid (FA) desaturase, perilipin, and hormone-sensitive lipase genes alter obesity-inducible lipid profiles in Japanese males (5, 6) . However, the association of obesity with PPARg variants has not been clarified in Japanese males. Here, we focused on PPARg as an anti-obesity target and investigated the PPARg variant-specific effects on the participants' lipid profiles.
Stearoyl-CoA desaturase 1 (SCD1; EC 1.14.99.5), a target gene of PPARg, is known to regulate cholesterol and FA homeostasis. High SCD1 activity and alterations in the balance between monounsaturated and saturated FA have been implicated in various diseases, including heart disease, atherosclerosis, obesity, and insulin resistance (7) (8) (9) . Therefore, SCD1 is thought to be an important therapeutic target for the development of anti-obesity drugs. In human studies, fatty acid product : precursor ratios in adipose tissue and various blood lipid fractions have been used to investigate the association between SCD1 and the risk of a number of diseases (10) . The expression of SCD1 mRNA can be estimated from the fatty acid ratios in plasma and liver lipid fractions (11) . Here, we also analyzed the association between estimated SCD1 levels and PPARg variants.
Materials and Methods
Participants. Of the 150 participants initially recruited, the data of 12 participants were excluded for the following reasons: protocol violation (n52); missing data for weight, waist circumference, and exercise frequency (n54); and serum triglycerides (TG) 400 mg/ dL (n56). Consequently, 138 participants (74 with waist circumferences ,85 cm and 64 with waist circumferences 85 cm) were included in this study. Details regarding the characteristics of the participants were as previously described (5) . The study protocol adhered to the Japanese Government's Ethical Guidelines Regarding Epidemiological Studies, in accordance with the Declaration of Helsinki, and the study was approved by the Institutional Review Board of Human Genome Research Ethics at the Institute of Life and Environmental Science for Human Life, Ochanomizu University, Japan.
Measurement of clinical characteristics. All participants completed a questionnaire that included their fitness habits and medical histories. Answers concerning the fitness habits were ranked on a three-point Likert scale: 1, do not habitually exercise; 2, habitually perform light exercise; and 3, habitually perform hard exercise. Answer 1 was categorized as "No habitual exercise," and 2 and 3 were categorized as "Habitual exercise." The clinical characteristics of the participants were evaluated (5). After overnight fasting, blood samples were collected for multiple biochemical assays, measurement of FA composition and PPARg genotyping. The multiple biochemical assays were performed as described in a previous report (5) .
Genotyping of PPARg gene polymorphisms. Based on the HapMap project data (http://www.hapmap.org), the SNP rs2938392 (location on the NCBI Assembly: 12434608, assay ID C_11908952_10) was genotyped using the TaqMan SNP allelic discrimination method with an ABI 7300 system (Applied Biosystems, Foster City, CA). Genomic DNA was extracted from 5 mL blood samples using a commercially available DNA extraction kit for blood samples (Takara, Kyoto, Japan) according to the manufacturer's instructions.
Assessment of fatty acid composition. FA compositions of red blood cell (RBC) membranes were measured as described in a previous report (5) . The intra-assay coefficients of variation of the analyzed FAs were C16:0, 0.66%; C16:1, 0.56%; C18:0, 0.54%; C18:1 (n-9), 0.46%; and C18:1 (n-7), 0.71%. The measured FA levels were expressed as percentages. The SCD1 desaturation indices represented the FA product : precursor ratios, as determined by the integrated area under the gas chromatogram peaks.
Statistical analysis. Biochemical data are shown as the mean6SD. Pearson's chi-square test was used to compare the frequencies between participants with a normal waist circumference (,85 cm) and those with a large waist circumference (85 cm). The HardyWeinberg equilibrium test was used to evaluate the consistency between the observed and expected genotype frequencies. To examine the relationship among genotypes, a one-way ANOVA and a Bonferroni correction were conducted. To examine the relationship between habitual exercise and the biochemical data of the study participants, a Mann Whitney U-test was conducted. A two-sided p value of ,0.05 was considered to be statistically significant. These statistical analyses were performed with SPSS (Statistical Package for the Social Sci- The average data for 138 participants are summarized. Genotype frequencies were tested for Hardy-Weinberg equilibrium by the chi-squared test. All participants completed a standard questionnaire that included exercise frequency. Answers were on a three-point Likert scale: 1, do not habitually exercise; 2, habitually perform light exercise; 3, habitually perform hard exercise. Answer 1 was categorized "No habitual exercise", and 2 and 3 were categorized as "Habitual exercise." ences) version 20.0 (IBM Corporation, New York, NY).
Results and Discussion
Significant differences were not observed in the clinical characteristics or FA levels between the participants with a large waist circumference (85 cm) and those with a normal waist circumference (,85 cm), except for body weight, BMI and TG. Table 1 shows the genotype distributions and nucleotide frequencies in this study population. The minor allele frequency of the PPARg SNP rs2938392 (A/G) was G50.43. The allelic frequencies were in Hardy-Weinberg equilibrium. No significant difference in the frequencies of genotypes (p50.504) was observed when the genotype distributions of participants with a waist circumference of ,85 cm and those with a waist circumference of 85 cm were compared. Therefore, the waist circumference distribution was not related to the genotype distribution. Table 2 shows the associations between PPARg A.G rs2938392 genotypes and the biochemical data. Significant differences among the genotypes were not observed after Bonferroni correction of the biochemical data. Table 2 also shows the PPARg variant-specific lipid profiles and biochemical data of the study participants who do not habitually exercise. The AA homozygotes who do not habitually exercise had significantly higher SCD1 indices (p50.014, 0.026) and serum TG (p50.041) than those who exercised habitually, whereas no differences were observed in the participants with the other genotypes (A/G or G/G). The AA homozygote participants who do not habitually exercise also tended to have higher monounsaturated FA levels [C16:1, C18:1 (n-9), C18:1 (n-7)] and lower saturated FA levels [C16:0, C18:0] than participants with the AA allele who habitually exercise. However, these effects were not found in the carriers of the other genotypes of rs2938392 (A/G or G/G).
Exercise-associated generation of PPARg ligands activates PPARg signaling events and upregulates genes related to lipid metabolism (12, 13) . For example, in a previous study, sedentary participants in a low-intensity exercise program (walking 10,000 steps 3 times per week for 8 wk) exhibited increased monocyte PPARg DNA-binding activity and enhanced expression of the PPARg target genes CD36, PPARg coactivator-1a (PGC1a), and liver X receptor-a (LXRa) within monocytes and, consequently, exhibited upregulation of the LXRa target genes, ATP-binding cassette (ABC) subfamily A member 1 (ABCA1) and ABC subfamily G member 1 (13) , known as the cholesterol efflux regulatory protein.
These results might be related to different PPARg activities resulting from the different genotypes of PPARg SNPs. However, how PPARg genotypes affect habitual exercise-induced improvement of lipid profiles remains unclear.
In contrast to a previous report that included individuals of European descent and the households of Framingham, Massachusetts, there was no association between BMI and rs2938392 in this study. The reason for this difference may be racial differences. For example, the frequencies of the immunoglobulin G haplotypes, which are markers of genetic distribution, vary widely between residents of the Japanese archipelago and Korean peninsula in East Asia (14) . In spite of the northern Mongoloid pattern in both the Japanese and Korean groups, a highly significant heritable heterogeneity has been identified between the two populations (14) . Therefore, it is worth examining the link between genetic variants and biomarkers in the Japanese population.
In this study, we used RBC membranes to investigate FA compositions. Some FAs in the RBC membrane are suitable biomarkers of long-term dietary intake (15) . Additionally, trans-fatty acids in the RBC membrane reflect dietary trans-fat intake, as measured by a food frequency questionnaire, more strongly than serum transfatty acids (16) .
Several limitations of this study should be addressed. First, this study was restricted to men of only one racial group, and the sample size may not have captured a representative study population. Second, the fitness habits of the participants were measured by questionnaire, which made it difficult to assess the precise intensity of exercise. This may have limited our ability to detect associations between the intensity of exercise and the FA compositions of RBC membranes. However, the results of the present study are novel and provide further evidence that habitual exercise improves the balance among several FA levels and aids in recuperation from diseases caused by metabolic disorders characterized by unbalanced FAs.
In conclusion, our results provide evidence that a lack of habitual exercise increases SCD1 desaturation and normal TG levels, depending on the genetic variant of PPARg. These results indicate that the risk for detrimental lipid profiles in those who perform no habitual exercise depends on the PPARg genotype. Further studies are recommended to investigate the associations between habitual exercise and the serum lipid profile/FA composition.
